Summary -Liming can affect soil biota through alterations in soil pH and soil structure. Many earlier studies monitored the responses of soil nematode communities to lime application but they did not come to a consensus and did not use indices of soil nematode community and multivariate statistical approaches developed over the past two decades. The present research explored the short-term effects of lime application on soil nematode communities in an acrisol in three Eucalyptus plantations in southern China. Nematodes were sampled from control and lime-treated plots at three periods from October 2011 to February 2012 at 0-10 cm and 10-20 cm soil depths. Repeated measures ANOVA showed that lime application significantly reduced the abundance of herbivores at 10-20 cm depth during the study. Lime application tended to increase the bacterivore index at 0-10 cm depth over time. Principal response curves of soil nematode community structure, in terms of nematode trophic group composition, revealed that the differences between control and lime application treatments increased over time, primarily because of the decline of fungivores in plots treated with lime. The decline in fungivores resulted mainly from declines of Filenchus and Ditylenchus. The results suggest that the fungal-mediated decomposition channel in the soil food web was suppressed by lime application. Our study also demonstrated that the sensitivity of different nematode genera to lime application varied widely, even for genera within the same trophic group. In particular, the abundance of several bacterivorous genera (Prismatolaimus, Plectus, Wilsonema, Protorhabditis, Diploscapter and Heterocephalobus) gradually declined and that of Rhabditonema at 0-10 cm depth gradually increased following lime application during the study; two herbivorous genera, Trophotylenchulus and Helicotylenchus, had opposite responses to lime application at 0-10 cm depth. Integrating univariate statistical approaches with multivariate approaches facilitated the analysis of soil nematode responses to lime application.
Acrisols are strongly weathered acid soils that develop from acid rocks (FAO, 2006) . Worldwide there are about 1 × 10 9 ha of acrisols, which are found in humid tropical, humid subtropical and warm temperate regions such as southeast Asia, the southern fringes of the Amazon Basin, southern China, southeast USA, and in both East and West Africa (FAO, 2006) . For the purposes of agriculture and forestry, acrisols are commonly amended with lime (Haynes & Naidu, 1998) . Besides raising the soil pH, lime application also improves soil structure and thereby reduces clay dispersion and increases aggregation, water al., 1993; Haynes & Naidu, 1998) . In the long-term, the increased agricultural and forestry yields resulting from lime application result in increased returns of organic matter to soil (Haynes & Naidu, 1998) . Although the acid tolerance of individual microbial species varies widely, most of the known bacterial species grow within a pH range of 4 to 9, whilst most fungi are moderately acidophilic and grow within a pH range of 4 to 6 (Luo & Zhou, 2010) . Therefore, the microbial community typically shifts from fungal to bacterial as pH increases after lime application (Haynes & Naidu, 1998) .
Because most microorganisms occupy low tropic levels in soil food webs, the effects of lime application on microbial communities may be transferred along food chains and induce changes at higher trophic levels. As such, lime application may have bottom-up effects on nematodes, arthropods, earthworms and other soil invertebrates. Soil nematodes have been used as bio-indicators of various kinds of natural and anthropogenic disturbances to soils, including disturbances caused by hurricanes, wildfires, solarisation, the addition of mineral or organic fertilisers, cultivation, and contamination by heavy metals or organic chemicals (Bongers & Ferris, 1999; Neher, 2001; Wilson & Kakouli-Duarte, 2009; Zhao & Neher, 2013 Zhao et al., 2014a) . Soil nematodes have a wide range of feeding types and life history strategies and occupy several trophic levels in food webs (Yeates et al., 1993; Bongers & Bongers, 1998) , and soil nematodes can therefore be used for soil food web diagnostics (Ferris et al., 2001; Ferris & Matute, 2003; Zhao & Neher, 2014; Zhao et al., 2014b) . Several previous studies explored the effects of lime application on soil nematode communities in northern boreal forests (Huhta et al., 1986; Hyvönen & Huhta, 1989; Hyvönen & Persson, 1990) , temperate forest (Bassus, 1960; de Goede & Dekker, 1993) , managed pasture (Yeates, 1976; Berger et al., 1986) and groundnut field (Waliyar et al., 1992) . However, these studies did not come to a consensus on how lime application affects soil nematodes. For example, Huhta et al. (1986) and Hyvonen & Persson (1990) reported that abundance of total soil nematodes and each trophic group were not remarkably changed at <1 year to 12 years after lime was applied in coniferous forests. Bassus (1960) reported that liming increased the nematode abundance but had no significant effect on nematode community compositions in spruce and Douglas fir forest; de Goede & Dekker (1993) reported that the relative abundance of low coloniser-persister (cp) value (rselected) nematodes increased and that the abundance of several bacterivorous nematode genera had contrasting responses to lime application 3 years after lime application in a coniferous forest. Yeates (1976) reported that abundance of total nematodes, Pratylenchus, Paratylenchus, Heterodera trifolii juveniles and Mononchidae increased after 4 years of lime application in pasture soils, but abundance of Helicotylenchus, H. trifolii cysts and Dorylaimida varied slightly. Berger et al. (1986) reported that total nematode abundace decreased after liming in a grazed alpine pasture in Astria. Waliyar et al. (1992) reported that application of different levels of lime (from 0-20 t ha −1 ) did not affect the population of four species of plant-parasitic nematodes: Scutellonema clathricaudatum, Telotylenchus indicus, Xiphinema parasetariae and Paralongidorus sp. in groundnut field. In addition, these studies did not use nematode community indices (such as Enrichment Index, Structure Index, Bacterivore Index and Channel Index) to assess the changes in the soil food webs.
In the current study, we used nematode community analysis to investigate the short-term effects of lime application on soil nematode communities. We hypothesised that the lime application would have decreased abundance of fungivorous nematodes and increased the abundance of bacterivorous nematodes. Some of the fungivores and bacterivores are involved in calculations of nematode community indices, such as Enrichment Index, Structure Index, Bacterivore Index and Channel Index. Therefore, we also hypothesised that lime application would have changed the soil food web conditions. These hypotheses were tested in this research.
Materials and methods

SITE DESCRIPTION
This study was carried out at the Heshan Hilly Land Interdisciplinary Experimental Station (112°50 E, 22°34 N), Chinese Academy of Sciences (CAS), Guangdong Province, P.R. China. The climate is subtropical monsoon with a distinct wet season (from April to September) and dry season (from October to March). The mean annual temperature and precipitation are 21.7°C and 1700 mm. The soils are acrisols with pH water values around 3.9. The experimental site consisted of three replicate Eucalyptus urophylla plantations that were physically separated by other plantations. Each plantation occupied 1 ha. Prescribed burning of moderate intensity was conducted to prepare the sites for planting saplings in 2005.
The saplings, which were purchased from a local nursery, were planted at 3 × 2 m spacing. The understorey vegetation was dominated by Dicranopteris dichotoma and Miscanthus sinensis (Zhao et al., 2012 (Zhao et al., , 2014c ; Rhodomyrtus tomentosa was also a common understorey species.
EXPERIMENTAL DESIGN
In September 2011, two plots (10 × 10 m for each plot), each surrounded by a 1 m buffer zone, were established in each of the three 6-year-old plantations. The treatments of lime application (LA) and the control (C) were assigned randomly to these two plots in each plantation, so that each treatment (LA and C) was replicated three times. On 15 December 2011, 3 t ha −1 lime was evenly broadcast on the soil surface of the LA plots. The plots received no other external anthropogenic inputs. The experiment layout and soil samplings were carefully conducted to minimise anthropogenic disturbances on understory vegetation.
SOIL SAMPLING AND ANALYSIS
Soil was sampled on 13 October 2011 (before lime application, background sampling), on 24 December 2011 (9 days after lime application), and again on 15 February 2012 (55 days after lime application). Two months after lime had been applied at 30 t ha −1 , the soil pH had increased from 3.87 to 4.36 (Songze Wan, unpubl. data). The litter above each sampling point was removed before the soil core was collected. Soil cores (2.5 cm diam.) were taken at 0-10 cm and 10-20 cm depths from six randomly selected locations in each plot. The six cores of the same depth from each plot were combined to form one composite sample. In total, there were three replicated composite samples for each depth for the lime application treatment and the control.
Nematodes were extracted from 50 g of moist soil using the Baermann funnel method (Barker, 1985) . After fixation in 4% formalin, nematodes were counted with a differential interference contrast (DIC) microscope (ECLIPSE 80i, Nikon), and the first 100 individuals encountered were identified to genus level. All nematodes were identified if the sample contained fewer than 100 individuals. Nematodes were assigned to trophic groups (Yeates et al., 1993) and coloniser-persister guilds (Bongers & Bongers, 1998) . Two nematode genera, Filenchus and Tylenchus, were assigned to the fungivorous group (Table 1) , because field observations (Todd, 1996) and laboratory studies (Wood, 1973; Magnusson, 1983; Okada et al., 2002 Okada et al., , 2005 strongly suggest that at least some species of Filenchus and Tylenchus are fungivorous; also, many nematologists consider that Filenchus and Tylenchus feed on fungi (e.g., McSorley & Frederick, 1996; Hánel, 2004; Wang et al., 2004; Forge et al., 2005; Neher et al., 2005; Griffiths et al., 2012; Cesarz et al., 2013; Neher & Weicht, 2013; Höss et al., 2014; Zhao et al., 2014a) . The functional guild was determined based on the nematode's trophic behaviour and by its ecological life strategy as a coloniser or persister (Bongers, 1990; Ferris et al., 2001) .
Nematode communities were also characterised by the Structure Index (SI), Enrichment Index (EI), Channel Index (CI) and Bacterivore Index (BaI) (Ferris et al., 2001; Ferris & Matute, 2003) . These indices are calculated by assigning a coloniser-persister (cp) weight to nematode genera. The cp values range from 1 (a coloniser, r-type strategist) to 5 (a persister, K-type strategist). The EI value is calculated from the relative weighted abundance of opportunistic bacterivorous and fungivorous nematodes that respond rapidly to input of food resources; a high EI value indicates an environment that has been enriched, especially in nitrogen. The SI value is calculated from the relative weighted abundance of disturbance-sensitive guilds, the cp3-5 guilds of free-living nematodes; a high SI value indicates a complex and stable food web. EI and SI were calculated as follows:
in which b is the basal food web component (Ba2, Fu2), e is the enrichment component (Ba1, Fu2) and s is the structure component (Ba3-Ba4, Fu3-Fu4, Om3-Om5, Ca3-Ca5). Ba, Fu, Om and Ca refer to trophic groups (bacterivores, fungivores, omnivores and carnivores, respectively), and the associated subscripts refer to particular coloniser-persister guilds. The weighting values of these functional guilds were according to Ferris et al. (2001) . Additionally, a soil nematode CI (Ferris et al., 2001) was calculated for each sample to evaluate soil decomposition pathways of the soil food web, and a BaI (Ferris & Matute, 2003) was calculated to indicate the shifts in the balance between enrichment-opportunist (Ba1) and general- Table 1 . Nematode abundance (no. nematodes (100 g dry soil) −1 ; means ± SE, n = 3) in control (C) and lime-treated (LA) plots on three sampling events (13 October 2011 , 24 December 2011 February 2012) at 0-10 and 10-20 cm soil depths.
Soil depth Taxon Guild Sampling event 1 Sampling event 2 Sampling event 3
0-10 cm Acrobeloides Ba2 31.8 ± 15.0 6.5 ± 6.5 22.4 ± 12.4 36.5 ± 25.5 50.2 ± 33.0 39.6 ± 12.6 Alaimus Ba4 0 ± 0 1.9± 1.9 2.6 ± 2.6 6.6 ± 4.4 13.2 ± 8.5 12.0 ± 4.6 Aphelenchoides Fu2 5.0 ± 2.5 4.6 ± 4.6 33.8 ± 14.6 51.0 ± 42.7 50.7 ± 14.8 30.9 ± 10.7
Fu2 17.9 ± 12.3 16.5 ± 12.5 63.5 ± 50.5 54.8 ± 50.6 149.3 ± 69.4 75.6 ± 6.5 Dorylaimellus Fu4 2.3 ± 2.3 0.9 ± 0.9
31.3 ± 24.6 126.6 ± 53.6 36.8 ± 3.6 Helicotylenchus Pl3 0 ± 0 0± 0 1 . 3± 1.3 0 ± 0 3 . 6± 3.6 11.0 ± 11.0 Heterocephalobus Ba2 4.6 ± 4.6 0 ± 0 5 . 8± 5.8 6.6 ± 3.3 9.8 ± 8.5
26.4 ± 9.9 15.9 ± 0.8 Xiphinema Pl5 4.6 ± 4.6 0 ± 0 0± 0 0± 0 0± 0 0± 0 Bacterivore 43.9 ± 18.2 9.3 ± 9.3 44.4 ± 18.8 54.7 ± 37.2 218.0 ± 106.3 130.9 ± 16.3 Fungivore 32.2 ± 22.8 39.9 ± 28.7 169.6 ± 74.2 330.2 ± 104.1 143.3 ± 12.7 Herbivore 9.8 ± 6.0 0 ± 0 38.1 ± 28.3 1.7 ± 1.7 14.5 ± 6.1 21.0 ± 8.0 Carnivore 2.3 ± 2.3 0.9 ± 0.9 2.3 ± 2.3 0 ± 0 0± 0 a 6.0 ± 1.8 b Omnivore 2.3 ± 2.3 1.9 ± 1.9 1.3 ± 1.3 1.6 ± 1.6 10.6 ± 6.2 2.0 ± 2.0 Total 90.4 ± 40.3 38.7 ± 20.3 255.7 ± 113.1 573.4 ± 178.7 303.1 ± 2.3 10-20 cm Acrobeloides Ba2 1.0 ± 1.0 4.3 ± 2.9 4.0 ± 2.8 1.7 ± 0.9 5.4 ± 0.3 17.5 ± 11.2 Alaimus Ba4 0 ± 0 0± 0 0± 0 0± 0 1 . 7± 0.9 2.7 ± 2.7 
11.6 ± 6 3.7± 2.5 28.4 ± 6.5 a 5.9 ± 3.1 b
Bacterivore 2.7 ± 1.5 5.4 ± 2.9 11.6 ± 6.0 2.5 ± 0.2 12.3 ± 1.9 28.5 ± 11.5 Fungivore 0 ± 0 12.4 ± 4.4 16.5 ± 7.5 3.7 ± 2.5 108.2 ± 54.8 15.3 ± 7.8 Herbivore 0 ± 0 2 . 2± 2.2 2.5 ± 2.5 0 ± 0 7 . 1± 1.6 a 1.7 ± 0.8 b Carnivore 1.0 ± 1.0 0 ± 0 0± 0 0± 0 1 . 7± 1.7 0 ± 0 Omnivore 0 ± 0 0± 0 2 . 5± 2.5 0 ± 0 2 . 6± 2.6 0 ± 0 Total 3.7 ± 1.9 a 19.9 ± 4.0 b 33.1 ± 18.3 6.2 ± 2.7 131.9 ± 61.2 45.5 ± 9.9
The lime application was conducted on 15 December 2011. Guild designation is the composite of trophic group and cp value: Ba, bacterivore; Fu, fungivore; Ca, carnivore; Om, omnivore; Pl, herbivore. Within a sampling event, means followed by different letters are significantly different (P < 0.05) according to the t-test.
opportunist (Ba2) bacterivore nematodes. CI and BaI were calculated as follows:
STATISTICS Repeated-measures ANOVAs were used to determine the time effect, block effect and treatment effect through the whole experimental period. Independent-samples ttests were used to compare the effects of lime application and control on the monitored variables (i.e., abundances of total nematodes and each trophic group, and faunal indices of soil nematode community) at each sampling event at each soil depth. Statistical significance was determined at P < 0.05. ANOVAs and t-tests were performed with SPSS software (SPSS). The principal response curves (PRC) method was used to determine the temporal trends of soil nematode community composition (represented by trophic groups or genera) for each treat-ment at each soil depth using CANOCO 4.5 (Canoco). PRC is based on redundancy analysis (RDA). Nematode data were log-transformed in the processes of PRC (Lepš & Šmilauer, 2003) . The control treatment is treated as a zero baseline (the horizontal line). The treatment effect is based on the temporal differences between control and lime application treatments. The deviation of abundance of a nematode trophic group or genus from the control at each sampling date can be calculated by equation: EXP (value in curve × value of guild score on the first RDA axis). The result is a diagram showing the first Principal Component of the variance explained by treatment on the y-axis along the sampling periods on the x-axis and, a vertical graph on the right site shows the species scores. The higher the score value, the more the actual response pattern of the nematode trophic group or genus is likely to follow the pattern in the PRC. The nematode trophic group or genus with high negative scores is inferred to show the opposite pattern, whereas nematode trophic group or genus with near zero scores either show no response or a response unrelated to the pattern shown in PRC. Both environmental class variables (treatments) and covariables (sampling times) were coded as nominal 0 or 1 variables (Lepš & Šmilauer, 2003; Zhao & Neher, 2013) . Monte Carlo permutation tests were applied to compute statistical significance (n = 499).
Results
A total of 44 nematode genera were collected (Table 1) . The most common genera were Acrobeloides, Aphelenchoides, Ditylenchus and Filenchus. Other common genera included Heterocephalobus, Wilsonema, Prismatolaimus, Plectus and Alaimus. Fungivorous and bacterivorous nematodes were the most abundant trophic groups at both 0-10 cm and 10-20 cm depths (Table 1) . Repeatedmeasures ANOVA did not reveal significant treatment effect on abundances of total nematodes, each trophic group and each genus at both soil depths during the study. At the third sampling at 0-10 cm depth, lime application significantly increased the abundance of carnivorous nematodes (t-test: P = 0.027) and reduced the abundance of Plectus (t-test: P = 0.014) ( Table 1) . At the third sampling at 10-20 cm depth, lime application significantly decreased the abundance of herbivorous nematodes (t-test: P = 0.041) and the abundance of Ditylenchus (t-test: P = 0.036) (Table 1). At the first sampling at 10-20 cm depth, total nematode abundance was significantly higher in LA plots than in C plots (t-test: P = 0.021) ( Table 1) .
The weighted soil nematode fauna analysis showed that nematode communities of most soil samples, and especially those from 0-10 cm depth, were projected onto quadrat IV of the nematode fauna plot (Fig. 1) . The SI was significantly higher in LA plots than in C plots at the third sampling at 10-20 cm depth (t-test: P = 0.017) (Fig. 1B) . EI tended to be higher in C plots than in LA plots at the third sampling at 10-20 cm depth (t-test: P = 0.054) (Fig. 1B) . BaI tended to increase in LA plots and to decrease in C plots at 0-10 cm depth during the study (ANOVA: P = 0.059) ( Fig. 2A) , especially at the first sampling (t-test: P = 0.065) (Fig. 2A) . Repeatedmeasure ANOVAs did not reveal significant differences in EI, SI, CI or BaI between C and LA treatments during the study (Figs 1, 2) .
Based on the temporal divergence of data from the LA plots vs the C plots (represented by a horizontal line) in the PRC (Figs 3, 4) , the temporal dynamics of soil nematode communities, in terms of nematode trophic group composition and generic composition, differed within C and LA plots at both 0-10 and 10-20 cm depths during the study. The first canonical axes were significant for both nematode trophic group composition (F = 3.975, P = 0.042) at 0-10 cm soil depth and tended to be significant for generic composition (F = 3.462, P = 0.062) at 0-10 cm depth, but were not significant for both of them at 10-20 cm depth. Although the PRC of the LA treatment deviated upward at 0-10 cm depth and downward at 10-20 cm depth, both deviations primarily reflected the decreasing numbers of fungivorous nematodes in LA plots at both soil depths over time (Fig. 3A, B) . Specifically, LA treatment decreased the abundances of two Fu2 genera (Filenchus and Ditylenchus) at both 0-10 and 10-20 cm depths (Fig. 4A, B) . In addition, LA treatment decreased the abundance of bacterivores at 0-10 cm depth and increased the abundance of bacterivores at 10-20 cm depth (Fig. 3A, B) . Specifically, LA treatment decreased the abundance of Ba2 (mainly Plectus and Wilsonema) and Ba3 (Prismatolaimus) nematodes at 0-10 cm depth (Figs 3A; 4A) and increased the abundance of Ba2 (Acrobeloides) nematodes at 10-20 cm depth (Figs 3B; 4B). Other nematode trophic groups, herbivores, omnivores and carnivores, were relatively unaffected by LA treatment during the study (Fig. 3) .
Discussion
In the studied ecosystem, the nematode fauna plot indicated that the soil has been stressed and the food web degraded because most of the soil samples were projected onto quadrat IV (Ferris et al., 2001 ). An earlier study in mixed plantations conducted at the same site as the current study also reported that most soil nematode communities were projected onto quadrat IV of the nematode fauna plot (Zhao et al., 2011) . These results indicate that soil amendment is required in this area.
Consistent with our hypothesis, the abundance of fungivorous nematodes, especially the Fu2 genera Filenchus and Ditylenchus, decreased in the lime-treated acid soils. Another common fungivorous genus, Aphelenchoides, was also sensitive to lime application but only at 0-10 cm soil depth. These results, which were primarily revealed by PRC analysis, suggest that the addition of lime to acid soils suppresses the fungal-mediated decomposition pathway, at least in our case in Eucalyptus plantations in southern China. In agreement with this finding, fungivore abundance was significantly lower in limed than in nonlimed soils in a laboratory experiment (Räty & Huhta, 2003) . Additionally, a study focused on succession of soil nematodes in pine forests found that the abundances of fungivore and root hair-fungal feeders (mostly Filenchus, which were considered as fungivores in the current study) was the second lowest in a lime-treated 17-year-old plantation of Pinus sylvestris rather than the other forest stands treated with plant fly ash (Háněl, 2001) . However, only a few field trials have examined the effects of lime application on soil nematode communities (Huhta et al., 1986; Hyvönen & Persson, 1990; de Goede & Dekker, 1993) and none reported a significant negative effect of lime application on fungivore abundance. Discerning patterns of soil nematode community dynamics may require the integrating of univariate identity-independent approaches with multivariate identity-explicit approaches (Neher & Darby, 2009) . Two months after lime had been applied at 30 t ha −1 , the fungal biomass (as indicated by PLFAs) significantly decreased from 121.48 ng g −1 to 95.08 ng g −1 , and the ratio of fungal biomass to bacterial biomass (F:B ratio) significantly decreased from 0.12 to 0.09 (Songze Wan, unpubl. data) in the same experimental plots as the current study. Therefore, a decline in fungal biomass, the bottom-up effect, is the most likely explanation for the decline of fungivore abundance observed in the current study. Theoretically, an increase in soil pH should suppress soil fungi (Luo & Zhou, 2010) . This theory has been confirmed by many previous studies (Erland & Söderström, 1990; Bardgett et al., 1996; Haynes & Naidu, 1998) . However, there are also studies reported that increasing pH can result in increased or unchanged levels of fungal dominance and no conclusive pattern has yet been determined (Strickland & Rousk, 2010) .
In contrast to our hypothesis, lime application suppressed the abundance of bacterivorous nematodes at 0-10 cm soil depth but the effect of lime application on bacterivores was much weaker than that on fungivores. The decline in bacterivores might have resulted from a decrease in soil bacterial biomass in response to lime application; according to Songze Wan (pers. comm.), bacterial biomass (as indicated by PLFAs) in our plots decreased from 956 ng g −1 to 853 ng g −1 during our study. Therefore, short-term lime application might primarily act as a disturbance on bacteria and bacterivorous nematodes in the subtropical acid soils. In the long run, lime application could be conducive to the soil bacterial-based energy pathways (Haynes & Naidu, 1998) . In addition, the abundance of several bacterivorous genera (Prismatolaimus, Plectus, Wilsonema, Protorhabditis, Diploscapter and Heterocephalobus) gradually declined and that of Rhabditonema gradually increased at 0-10 cm depth following lime application during the study. These results indicate that nematode genera in the same trophic group, such as bacterivore, responded idiosyncratically to lime application. If such idiosyncratic responses are common and substantial, the nematode trophic group composition and community indices could indicate the absence of an effect of lime application. De Goede & Dekker (1993) also reported idiosyncratic effects of lime application on different genera of bacterivorous nematode, i.e., lime application had a positive effect on Acrobeloides, Protorhabditis and Eumonhystera and a negative effect on Wilsonema in coniferous forest soils. Moreover, lime application in the present study tended to increase the bacterivore index (BaI) at 0-10 cm depth over time, which indicated that lime application resulted in shifts in the balance between basal and enriched bacterivorous components (Ferris & Matute, 2003) . Given the decrease in total bacterivore abundance, the abundances of both the basal and enriched bacterivorous components were reduced by lime application. However, the abundance of the basal bacterivorous component might decline much faster than that of the enriched component in response to lime application. Similarly, de Goede & Dekker (1993) reported that the relative abundance of Ba1 nematodes was higher in the liming plots in coniferous forest soils in The Netherlands. Contrary to the effects of lime on bacterivores at 0-10 cm depth, lime application had a positive effect on the abundance of bacterivores at 10-20 cm depth, and the increased abundance was largely explained by increased numbers of Acrobeloides.
In the present study, lime application had only minor effects on the herbivorous, omnivorous, and carnivorous nematodes. As was the case with bacterivores, different herbivorous genera showed idiosyncratic responses to lime application. Specifically, the two genera, Trophotylenchulus and Helicotylenchus, which were weighted as the most important herbivores for PRC, had opposite responses to lime application at 0-10 cm depth. Other herbivorous genera at 0-10 cm soil depth and all herbivorous genera at 10-20 cm were relatively unaffected by lime. All omnivorous genera at both two depths were relatively unaffected by lime. Carnivore abundances tended to increase at 0-10 cm soil depth but decrease at 10-20 cm depth in response to lime. Moreover, Iotonchus, which was weighted as the most important carnivorous genus at 0-10 cm soil depth for PRC, and other carnivorous genera at 0-10 cm depth and all carnivorous genera at 10-20 cm depth were relatively unaffected by lime application. Indeed, the fungivore abundance was suppressed by liming in this study. However, abundances of several bacterivorous nematodes tended to increase under liming. Therefore, the most likely reason is that the inconsistent responses of fungivore and bacterivore did not exert a significant bottom-up control on omnivore-predator abundance.
We recognise that our results related to lime application treatment are based on short-term observations. Future liming experiments need to expand the time-scales of investigations and comprehensively analyse the above-and below-ground ecological processes and functions (such as net ecosystem productivity, litter decomposition, carbon sequestration and nutrient cycling). In addition, the soil background pH levels can significantly affect the response times of soil biota to lime application (Huhta et al., 1986) . Thus, multi-site studies are also needed. Despite the short-term, our study is the first that clearly documented the suppressive effects of liming on fungivores. This finding can provide a better understanding of the responses of soil food web to lime applications in subtropical acid soils such as in southern China and may facilitate the future studies.
Conclusions
Although lime is commonly applied to amend acid soils, little is known about how lime application affects soil nematode communities and soil food webs in the acrisols of southern China. Lime application can increase soil pH, which may be detrimental to fungi and conducive to bacteria (Luo & Zhou, 2010) , and the changes in microbial communities may exert bottom-up control on soil nematodes. Consistent with our expectation, the present research revealed that lime application suppressed soil fungivorous nematodes in acid soils of Eucalyptus plantations in southern China. The decline of fungivores was most likely due to bottom-up control through a reduction in fungal biomass. In addition, Filenchus and Ditylenchus were the most sensitive fungivorous genera to lime application. In contrast to our hypothesis, we found that the effects of lime application on entire trophic groups were minor and that the effects were opposite at 0-10 cm vs 10-20 cm soil depths for bacterivores and carnivores. Furthermore, the response to lime could differ greatly among different nematode genera within the same trophic group; in other words, lime application had a positive effect on some genera and had a negative effect on other genera within the same trophic group. Because of these idiosyncratic responses, various indices concerning nematode communities and functioning could be somewhat misleading in that positive responses by some genera may be balanced by negative responses by others. Integrating of univariate and multivariate statistical approaches could facilitate the assessments of the responses of soil nematodes to lime application. Changes in soil food web structure were mainly manifested as the changes in fungivorous nematodes that were affected by lime application. In the long-term, however, the other feeding types of nematodes and nematode community indices (e.g., EI, SI, CI and BaI) might be affected by the lime application and the consequent increase in soil pH (Frostegård et al., 1993; Guo et al., 2012) . Our findings suggested that lime application, as an important soil amendment practice in acid soils of Eucalyptus plantations in southern China, has induced the changes in soil properties that might subsequently increase nutrient availability, ecosystem productivity, and soil bacteria and bacterivores, and enhance other ecosystem functions (Haynes, 1982; Haynes & Naidu, 1998; Ebelhar et al., 2011; Yao et al., 2011) .
